Introduction: Constipation is a common disorder among children, and most of the cases are functional in aetiology. Few studies have reported the manometric data of normal and constipated children.
Introduction
Childhood constipation is a common disorder among children all over the world [1] . The prevalence in children varies widely, ranging from 0.7% to 29.6% [2] . Between 3% and 10% of visits to primary health care centres and up to 25% of referrals to paediatric gastroenterologists are related to constipation [3] . The aetiology of chronic constipation in children is multifactorial, but the great majority of cases are functional constipation. Organic causes include anorectal structural abnormalities, neurogenic disorders, drugs or metabolic disorders, and connective tissue disorders. The pathogenesis of functional constipation is still unclear, but it is mostly associated with stool retention that leads to intentional with holding after experiencing a painful bowel motion [2] . Untreated, longstanding functional constipation leads to excessive faecal impaction and soiling. It may also be associated with chronic abdominal pain, anorexia, or anal fissures. Children may also experience some urinary problems including dysuria, recurrent urinary tract infections, and urinary incontinence [4] . Rome IV criteria represent the widely-accepted method for diagnosis of functional constipation in the paediatric age group [5] . The management of functional constipation is usually challenging, and relapses are common [6] . Laxatives, dietary interventions, and behavioural modifications are the cornerstones of treatment. Large doses of oral and/or rectal laxatives are used initially for faecal disimpaction [7] [8] [9] . After disimpaction, laxatives are used for several months and sometimes years (maintenance phase) [10] . Anorectal manometry (ARM) is the most frequently performed motility study in children. Anorectal manometry is an important tool to assess anorectal sensations, pressure changes, and rectal compliance. It also evaluates anal sphincter function and anorectal reflexes [11] . Therefore, ARM is beneficial to assess anorectal function in children with chronic constipation, especially if they are laxative dependent or poor responders to treatment. Also, it helps in the assessment of sphincter function as well as anorectal sensation in children with faecal incontinence. The ARM also evaluates the recto-anal inhibitory reflex, which is absent in Hirschsprung's disease and internal anal sphincter achalasia, and thus confirms the diagnosis of functional constipation in doubtful cases [12] . High-resolution manometry (HRM) involves the use of a larger number of pressure sensors compared to the conventional devices and thus provides more pressure recordings and easier interpretation [13] . Although conventional anorectal manometry parameters have been evaluated in children with chronic functional constipation in several studies [14] [15] [16] , modern HRM parameters still need to be further evaluated. Studying the manometric findings in constipated children may be of benefit in understanding the pathophysiological changes in defecation dynamics, which probably occur due to chronic rectal distension and dilatation.
Aim
We conducted this prospective study to evaluate the manometric parameters in children with functional constipation and to assess any possible changes in these parameters after treatment at a single centre.
Material and methods
A prospective descriptive study was conducted between February and September 2017 at the Gastroenterology Unit, Alexandria University Children Hospital, Alexandria, Egypt. The study included 50 children diagnosed with functional constipation based on Rome IV criteria, aged between 6 and 14 years, who were otherwise healthy. Children with anorectal structural defects, Hirschsprung's disease, neuropathies, metabolic disorders, and connective tissue disorders were excluded. Children using drugs that may have affected gastrointestinal motility were also excluded. Written informed consent was obtained from the parents of all participating children, and the study design was approved by the local Ethics Committee.
All children were submitted to detailed history taking, including clinical symptoms with probable precipitating factors, stool characteristics (stool diary), and family history of chronic constipation. This was followed by physical examination, digital rectal examination (DRE), and anorectal manometry. Other imaging studies or laboratory investigations to exclude organic causes of constipation were only requested as appropriate. After diagnosis, treatment was initiated according the clinical guidelines published for management of functional constipation [1, 6] .
Treatment protocol
A. Education: The pathophysiology of functional constipation and faecal incontinence was explained with the help of diagrams. Caregivers were assured about the safety of long-term laxative use. The importance of compliance was also highlighted to them and to the patients. B. Disimpaction phase: Children with faecal impaction were given high-dose laxatives in the form of a combination of lactulose syrup in a dose of 3 ml/kg/ day and a stimulant laxative (sodium picosulphate; 2.5-20 mg/day. We used a drop formulation; each 1 ml contained 7.5 mg). Parents were asked to return in 5-7 days to evaluate the success of the disimpaction. C. Maintenance phase:
• Behavioural modifications: The children were asked to sit on the toilet shortly after a meal, for 5 to 10 min, two to three times per day, and they were asked to avoid intentional stool withholding. Caregivers were advised to deal with child adherence to this program with positive reinforcement such as encouragement and reward rather than criticism or punishment, and to keep a child-friendly stool diary that includes bowel movements, use of medications, abdominal pain, episodes of faecal incontinence, and any other symptoms.
• Diet modifications: Caregivers were advised to achieve adequate daily fluid intake and adequate daily fibre intake in the form of vegetables, fruit, and whole grain cereals and bread.
• Maintenance laxatives: Lactulose was used as a first-line maintenance in a dose of 1-2 ml/ kg/day in two to three divided doses. Stimulant laxatives (sodium picosulphate 2.5-20 mg/ day) and/or mineral oil (paraffin oil 1-3 ml/kg/ day) were used as an additional maintenance laxative if needed. Laxative doses were adjusted according to the clinical response to achieve a stool frequency of two to three soft bowel motions per day. Maintenance laxatives were continued for at least 4 months. If the patient's symptoms were stabilised for a duration of at least 1 month, then slow gradual weaning from laxatives was considered. Anorectal manometry was performed to all children at the initial presentation, and a follow-up manometry procedure was performed again after 6 months of treatment. Changes in manometric parameters were reported using the same protocol used in the initial anorectal manometry. All the procedures were performed by the same operator.
Manometry procedure
Solar GI HRAM device (High Resolution Anorectal Manometry) manufactured by Medical Measurements Simple (MMS), Enschede, Netherlands was used in all cases. A reusable water-perfused HRM catheter with 20+1 pressure channel with latex free inflation balloon attached to the distal segment (manufactured by Mui Scientific, Ontario, Canada) was used. An enema was given if stools were detected on a digital rectal examination, and at least 30 min were allowed from enema insertion to probe placement. No sedation was given. The patient was placed in the left lateral position with knees and hips flexed at 90°. The lubricated probe was gently inserted into the rectum.
HR-ARM parameters and interpretations
After probe placement, a run-in period of approximately five minutes was allowed, to give the patient time to relax such that anal sphincter tone returned to basal levels. Anal resting pressure was generally measured for 20 s. The child was then asked to squeeze the anus for as long as possible, for a maximum of 30 s, followed by a one-minute rest. Recto-anal inhibitory reflex (RAIR) was then evaluated. Air was injected rapidly to inflate the rectal balloon and then the balloon was immediately deflated within 3-5 s. Repeated insufflations of the balloon with a 10 ml increment in volume each time were performed until a reflex relaxation of the internal anal sphincter was obtained. The minimum amount of air required to elicit an IAS relaxation was determined. If the RAIR was absent during rectal balloon distension, the case would be excluded. Rectal sensations were then obtained. The rectal balloon was distended with air in increments of 10 ml and maintained for at least 30 s until the patient reported a sensation of fullness or bloating or gas (first sensation). Thereafter, the balloon was distended with increments of 20 ml up to a maximum volume of 400 ml. Patients were asked to report the following sensations: First feeling of rectal content (first sensation), the first sensation of urgency for defecation (first urge), a steady need to defecate (intense urge), and the painful lasting urge to defecate (max tolerable volume). These distensions were terminated earlier if the maximum tolerable volume of the patient was reached.
Statistical analysis
Data were analysed using SPSS software package version 20.0 (Armonk, NY: IBM Corp). Qualitative data were described using numbers and percentages. Quantitative data were described using range (minimum and
Results
Fifty children with functional constipation were enrolled during the period of the study. Their ages ranged between 6 and 14 years (mean: 7.31 ±1.72 years). Fifty-six per cent were girls and 56% were from urban areas. The majority of the studied children (86%) were of low to middle socioeconomic status and belonged to mothers with low to intermediate level of education. The mean duration of complaints before presentation to the gastroenterology unit was 20.38 ±11 months (3-48 months). Low dietary fibre intake, urge postponing when in public places, especially schools, were identified in 72% and 68% of cases, respectively. There was a familial tendency for chronic constipation in 38% of cases. Clinical presentations and defecation characteristics of the studied children are shown in Tables I and II, 
Initial manometric data
The mean anal canal length was 2.84 ±0.47 cm (2.0-3.90 cm). The studied children showed markedly abnormal rectal sensation parameters (increased first sensation, first urge, intense urge, and maximum tol- erable volume) during rectal balloon distension. These values were even higher in children with stool incontinence than in those children who had never experienced stool incontinence. First urge sensation was significantly higher among children with stool incontinence. There was a statistically significant positive correlation between the duration of constipation and the intense urge and the maximum tolerable volume. There were also statistically significant inverse correlations between stool frequency and the rectal sensation parameters. Children with higher values for rectal sensations had longer duration of symptoms and tended to defecate less often per week (Tables III-VI) .
Manometric data after six months of treatment
The resting pressure and the squeeze pressure were increased when compared to initial pre-treatment recordings; however, both were statistically insignificant (p = 0.474 and p = 0.155, respectively). All rectal sensation parameters were significantly decreased compared to initial parameters (Table VII) .
Discussion
Functional constipation is a common problem in children worldwide and an emerging public health problem. There are great variations regarding the epidemiologic data, pathophysiology, and anorectal functional abnormalities reported in children with functional constipation [17] . Low fibre intake and the habit of urge postponing when in public places, especially in school, were the most commonly reported risk factors for constipation in the current study. The protective role of fibre against constipation is supposedly related to adding bulk and water content to the stool; this can make the stool softer and easier to pass. This was consistent with several studies that reported a low-fibre diet as an important contributing factor for childhood constipation [18] [19] [20] [21] [22] . Urge postponing in public places was attributed in our cases to the lack of clean public bathrooms at schools and shyness in some cases. This was similar to Kocaay et al. and Felt et al. , who found that a large proportion of school children do not use school toilets to defecate [23, 24] . Common presenting symptoms were abdominal pain and anorexia in 78% and 60%, respectively. Loening-Baucke and Swidsinski, reported constipation as the most common cause of chronic abdominal pain in children [25] . Faecal incontinence was another common presenting symptom as seen in 38% of our cases. Some authors have reported a prevalence of faecal incontinence among constipated children ranging between 16% and 90% [3, 23, 26] . Sometimes it can be mistaken by caregivers as having diarrhoea, and they consequently seek medical advice for chronic diarrhoea, and this probably makes the diagnosis challenging. Manometric testing of the anorectal region gives beneficial data about anorectal function. However, it is not commonly used, and standardisation is still lacking. Although normal values for anorectal manometry have been published in adults, including high-resolution manometry, there have been few studies reporting manometric data of normal and constipated children.
Anal canal length, mean resting pressure, maximum squeeze pressure, and anorectal sensations were evaluated in the current study and compared before and after medical treatment. In our study, the mean values of resting anal pressure and maximum anal squeeze pressure were similar to the reported values in healthy children. This was in agreement with Fathy et al. [27] , who described anorectal functional abnormalities in Egyptian children with chronic functional constipation, and other international authors who recorded a normal anal resting tone in constipated children and did not find a significant difference between constipated children and healthy controls [28] [29] [30] [31] . The presence of intact rectoanal inhibitory reflex (RAIR) excludes Hirschsprung's disease, which is a very important value for anorectal manometry in children. In the present study, all children had intact RAIR. However, some studies have reported false positive results in children with functional constipation. It seems that marked rectal dilatation (megarectum) in some children with prolonged functional constipation may interfere with the reflex [12] . The studied children showed markedly abnormal rectal sensations (increased first sensation, increased first urge, and increased intense urge). Also, they tolerated a markedly high maximum tolerable volume. This is in agreement with many authors, who recorded abnormally high rectal sensations in constipated children [27, 28, [32] [33] [34] [35] [36] . These values for rectal sensations among constipated children were higher in comparison with the values reported from several studies evaluating the rectal sensations among healthy children [28] [29] [30] . The aetiology of the reported abnormal rectal sensations is not fully understood. It may represent a primary problem or may simply be secondary to the megarectum. In the present work, following medical treatment for 6 months, all rectal sensation parameters were significantly decreased and were approaching the reported values in normal children. This signifies the effect of treatment on res-toration of normal sensation in constipated children and may support the theory that abnormal sensations are attributed to chronic rectal distention. The current study compared the rectal sensations (first sensation, first urge, intense urge, and the maximum tolerable volume) among constipated children with and without faecal incontinence. All rectal sensation parameters were higher in children with incontinence, especially the first urge (p = 0.005). It seems that children with faecal incontinence may have more rectal dilatation, which may explain the their markedly abnormal rectal sensations. Data discussing this observation are still lacking, and more studies are needed in order to reach a valid conclusion. In the present study, there was an inverse correlation between stool frequency and rectal sensations among our studied children. Children with higher values for rectal sensations tended to defecate less often per week. The current work also showed a positive correlation between duration of constipation and the maximum tolerable volume. Those children who complained for a more prolonged duration tended to have a higher maximum tolerable volume. This was similar to Martinac et al., who reported an inverse correlation between the number of defecations and the first sensation [37] . The prolonged retention of stool results in increasing rectal dilatation and will cause higher rectal sensations, which will progressively delay the perception of the need for defecations and infrequent bowel movements. On the other hand, Borowitz et al. did not find a correlation between defecation frequency and rectal sensations [38] . The abnormalities in rectal sensations (first sensation, urge to defecate, intense urge, and maximum tolerable volume) and the change in these manometric parameters to near normal values following the treatment reflect the success of proper treatment on restoration of rectal sensations. Further study of the anorectal manometric functions in children who successfully recovered from functional constipation are needed to evaluate if these parameters would normalise after treatment. The current work also reflects the sensitivity of anorectal manometry in predicting the improvement in patient condition even before complete clinical cure. These factors, alongside the good clinical correlation, probably suggest a prognostic rule for anorectal manometry in childhood constipation. However, this may not be easy due to technical difficulties because the anorectal manometry device is not available at many centres. More research is still needed before recommending anorectal manometry as a routine diagnostic or prognostic tool in constipation management.
